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Dear Editor:

The causes of child death are very complex and the
diagnosis remains a significant challenge. Even through
extensive investigation, about 10.5% of deaths cannot be
clearly explained [1]. Unexplained deaths have become
a leading cause, greatly blocking the scientific guidance
of re-birth. Autopsy is considered an accurate method
for investigating unexplained deaths. However, it is not
acceptable for most parents, with less than 50% of cases
being carried out due to complex reasons, such as reli-
gious and cultural beliefs [1]. As a result, a considerable
number of cases could not get a definite etiological diag-
nosis of child death even after investigation. Recently,
molecular autopsy have been reported to have great
value in revealing the cause of unexpected death, includ-
ing autopsy-negative cases. It could explain approxi-
mately 12.6%~44.0% of previously unexplained deaths
with DNA sequencing [2, 3]. However, opportunities for
molecular autopsy are often lost due to the lack of timely
sample collection.

Newborn screening (NBS), an important public health
program, is widely used throughout the world and cov-
ers almost all newborns. The stored samples of neonatal
dried blood spots (DBS) from NBS are considered valu-
able resources for medical research. DNA extracted from
DBS can be used to diagnose and study genetic diseases
[4]. Here, we attempt to remedial molecular autopsy for
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child death using clinical exome sequencing (CES) based
on the stored DBS.

From August 2019 to August 2023, a total of 444 child
deaths were recorded in the surveillance system, which
collected the occurrence and distribution of under-5
child deaths. There are 35 categories of causes of death in
the system. 36 cases of unexplained deaths were included
as the subjects, including 8 cases with an unknown
diagnosis and 28 cases with listed causes that remained
doubtful during the basic death survey. The time of
their deaths ranged from 3 days to 48 months. Within
this cohort, 6 (16.67%) were newborns (0-28 days), 14
(38.89%) were infants (1-11 months) and 16 (44.44%)
were children (12-59 months). We collected the stored
DBS from their previous NBS.

3~ 8 dried blood spots with a diameter of 3 mm were
taken, and DNA extraction was performed using the
MagPure DNA KF Kit B and KingFisher Flex. When the
DNA concentration exceeded 1ng/uL, follow-up experi-
ments were conducted. The library was constructed by
capturing the target area independently developed by
BGI Genomics Co., Ltd, with a quality control standard
set at >20 ng/pL. DNA nanoball libraries were generated
by rolling circle amplification of circularized DNA librar-
ies and sequenced on the MGISEQ-2000 sequencer plat-
form (MGI) using a paired-end 100 bp plus 10 bp (index)
strategy with an average depth of >180-fold. The bioin-
formatics analysis process, including data filtering, align-
ment, mutation detection, and result annotation, was
performed as previously described [5].

32 cases successfully received effective results based
on the stored DBS, yielding a CES success rate of 88.9%.
However, four cases failed due to DNA quality not meet-
ing the standard after library construction. CES identi-
fied disease-related genetic variation in 6 out of 32 child,
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including 4 cases of SNVs and 2 of CNVs. The abnormal
detection rate was 18.8% (95% CI, 7.2-36.4%) (Table 1).
In detail, one child (case 1) was diagnosed as LIG4 syn-
drome with a compound heterozygous for pathogenic
(P) and like pathogenic (LP) variants in the LIG4 gene
(c.833G>T and ¢.2141T>A). He has sought medi-
cal attention multiple times due to immune deficiency
and recurrent respiratory infections. The boy was sus-
pected of LIG4 syndrome when he was two years old,
but there was no definitive diagnosis. After one year, he
underwent allogeneic hematopoietic stem cell trans-
plantation but died postoperatively due to ineffective
treatment for bacteremia and graft-versus-host reac-
tion. Case 2, despite long-term treatment and rehabilita-
tion, has been experiencing persistent epileptic seizures
since birth, and the cause was unclear. CES detected
an LP heterozygous variant (c.107G>A) in the CPA6
gene associated with familial temporal lobe epilepsy 5,
which follows an autosomal dominant inheritance pat-
tern. Case 3 showed global developmental delay during
growth and development with cranial MRI revealing
slightly larger bilateral ventricles, less white matter, and
a thinner epiphyseal body. CES analysis identified com-
pound pathogenic heterozygous variants in the GLBI
gene (c.1343 A>T and c.1063 C>T), linked to GM1
gangliosidosis/B-galactosidase deficiency 1. The boy (case

Table 1 Positive results found by ES based on DBS
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4) was diagnosed with malignant tumors in both eyes
shortly after birth, undergoing consecutive chemother-
apy sessions but experiencing a worsening condition. He
died at the age of 2 years and 10 months. The pathogenic
variant ¢.607+1G>T was detected in the RBI gene. Case
5 and case 6 were reported pathogenic CNVs, involving a
microdeletion (0.49 Mb) in the 11q23.3 region for case 5
and a microduplication (3.59 Mb) in 13q33.3-q34 for case
6. These segments include a certain number of coding
genes. Further data analysis identified pathogenic genes
related to the death phenotype. For example, case 5 died
due to congenital acute lymphoblastic leukemia, while
the KMT2A gene (11q23.3 region) is closely associated
with mixed type leukemia.

Moreover, some minor findings are also worth pay-
ing attention to. Although currently interpreted as vari-
ants of uncertain significance (VUS), a total of nine cases
(28.1%; 95% CI, 13.7-46.7%) were detected with disease-
related genetic variations (Table 2).

Undoubtedly, identifying the cause of child death holds
great significance for reproduction and reducing mortal-
ity rates. However, due to ethical, cognitive, and medical
resource constraints, death autopsy has not been widely
adopted. This study identifies potential factors associ-
ated with 18.8% (95% CI, 7.2-36.4%) of unexplained
child deaths using clinical exome sequencing based on

Single Nucleotide Variation (SNV)

Case Gender Death Gene Chr cHGVS pHGVS Exon Zygosity Mode Type Phenotype Disease
time

Case Male 3 LIG4  chr13 c2141T>A  pleu714* EX2E  Het AR LP Congenital LIG4 syndrome

1 years c833G>T pArg278Lleu  EX2E  Het P immunodeficiency  (OMIM:606,593)

Case Male 2 CPA6  chr8 c.107G>A p.Arg36His Het AD/AR LP Status epilepticus ~ Familial

2 years temporal lobe
epilepsy 5
(OMIM:614,417)

Case Female 2 GLBT chr3 1343 A>T  pAsp448val EX13  Het AR p Congenital brain GM1

3 years c1063C>T  pGIn3s55* EX10 Het p injury gangliosidosis/
-galactosidase
deficiency 1
(OMIM:230,500)

Case Male 2 RB1  chr13 c607+1G>T IVS6  Het AD P Malignant tumors ~ Retinoblastoma

4 years in both eyes (OMIM:180,200)

Copy Number Variation (CNV)

Case Gender Death Result Include coding genes Phenotype Disease

time

Case Male 28 46,XN, del(11923.3).seq[GRCh37/hg19] ARCNT DDX6 KMT2A(intron10-3'UTR)  Leukemia KMT2A gene is

5 days (118,359,328-118,851,946)*1 TREH, etc. associated with
mixed type
leukemia.

Case Male 3 46,XN, dup(13g33.3-g34).5eq[GRCh37/hg19]  LIG4 COL4AT IRS2, etc. Brain tumor COL4AT gene

6 years  (107,220,767-110,807,744)*3 is associated

with autosomal
dominant pons
microvascular
disease.
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the stored neonatal dried blood spots from newborn
screening. It can help these families in conducting sal-
vage molecular autopsies when they have no way to col-
lect samples. At the same time, the results also indicated
28.1% (95% CI, 13.7-46.7%) of secondary findings. With
the accumulation of future genetic databases, these find-
ings may further elucidate the true causes of unexplained
child deaths. In summary, our study provides a feasible
and effective molecular autopsy method for unexplained
child deaths.
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